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The article describes various tests related to studies concerning the 
effects of decompression sicknesses at varying pressure level's - and 
physical activity. These tests Indicate that, there is no guarantee 
of freedom from decompression sicknesses when* man transitions from a 
normally oxygenated normobaric nitrogen-oxygen atmo-sphere into an 
environment having a 0.4 atm or lower pressure and he is performing 
physical work. 
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fh* clieie* of ob artificial cabin ataoaphoro for apaoo shipa haa boon ^ 
widely diacroaod by apocialiata from the USSR and USA during all atagoa of 
tbo dovalopioat of apace exploration. In the USSR the choico fall upon a 
Borwabarie exygan^nitrogan atnoaphora with a ratio of gaaaa approxinating 
that of air. Argunonta in favor of thia dociaion are: 

— relative fire aafety« 

— indiaputable phyaiological adequacy* 

•>high voluwetric apecific heat of the gaaeoua nilieu* 

••the poaaibility of uaing a wider aaaortnent of nateriala and aaaenbliea 
for on-board ayatewa. 

A nenaobaric environnent haa obvioua ahortconinga* the prinary one being 
the need for aaintaining a relatively high preaaure in apace auita or allowing 
for an extended nitrogen deaaturi nation period. The increaaed duration of 
apace flighta and the proapecta for their broader expanaion increaae the 
inportanee of the poaitive featurea of a nomobaric atnoaphere. Thia cireun- 
atance, however* neeeaaitatea even greater attention to ita ahortconinga* 
aince extra-vehicular operationa and hunan work in open apace may evolve fron 
rare oecurrencea into daily* wideapread aetivitiea. 

Thia requirea uaing reliable Measures to ensure a safe working environ- 
nent for a sian in a space suit while providing naxinun comfort* including a 
high degree of mobility for all of the suit's articulations. The lower the /2 
excess pressure in the suit* the simpler it is to achieve the latter* although 
low pressure* in turn* carries with it the hanard of decompression sicknesa. 

Aviation-related incidents of deconpreasion sickness during drops in 
atmeapheric pressure from 1 atm. to a fraction thereof have been studied by 
many researchers and laboratories around the world. The notion that there 
ia a precise boundary narking a dangerous drop in pressure* before reaching 
which freedom from decompression sicknesa awy be ensured* haa long predomin- 
ated. The concept of such a borderline was fornulated on the basis of the 
* Numbers in margin indicate pagination in original foreign text 
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iteM of Reldtii* k pr«Mur« of 270 m Hg (or a proaauro altltudo of 
tOOO m) wmm tho gonorallj aeeoptod Halt uaod in aviation* Caaoa of k»cim» 
proaaioB aieknoaa at hi^or proaonroa (lowor altitudoa) aroao poriodieally* 
fkano voro raro opioodoa« hoaovor, and, although quite aorioua incidonta of 
doeoaproaaion aieknoaa have boon deaeribod in great detail, virtually no atten» 
tion haa been directed to the poeaibility of high-altitude deconpreaaion 
aiekneaa (W8) occurring at altitudoa below 8000 ■* Theae ideaa wore net 
ahaken by the elaaaic reaeareh done by Harvey et al., which ahowed that 
in principle there are no danger linita for preaaure dropa, and that the 
likelihood of deeenpreaaien aickneaaea occurring waa deteriiined by c ntUeber Of 
ancillary faetora, aueh aa, for exanple, iriiyaical atreaa, duration of 
expoaure, etc* 

In thia connection, there are eaaential differencea between ineidenta 
of decoapreaaion aieknoaa in aviation, where the phyaical activity of the 
crew ■eid>era ia extrenely linited and expoaure tine ia anall, and in apace 
travel, where extra-vehicular activity requirea the perfomanee of intenaive 
]diyaical work over a long period of tine. Theee differencea have nade It a. 

neceaaary to conduct apecial experinental atudiea in altitude chanbera, with 
the aubjecta "aacending" to varioua artificial altitudoa and perfoming 
]^yaical work after deconpreaaion. 

Nuneroua reaearchera in the Soviet Union have ao far anaaaed a conaider- 
able anount of material, which could be divided roughly into two parta. The 
firat part conaiata of reaeareh done with the participation of volunteera 
and apecifically directed at diaeovering the effeeta of deeonpresaion aickneaaea 
at varying preaaure levela and involving varying typea of phyaical activity* 
Preaaure auita were not uaed in theae experimenta, aa a rule. 

The aecond part conaiata of obaervationa nade on peraona teating preaaure 
auit ayatena under differing conditiona. Theae aubjecta were not concerned 
with detecting the aynptona of deconpreeaion eicLneaa but were oriented 
towarda acconpliahing a taak. So the goal of the aubjecta in thia group, 
noreao than the firat group, waa approximately that of coanoftauta* Thia ia 
a rather inportant conaideration, aince the complainta of theae aubjecta were 
practically the only criteria for detecting deconpreaaion aiekneaa. 
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W« triad to ganaraliBa tha rasulta of tha first part of tha axparisantSi 
dooa bp Graaaoitskpt Kstimtaart and Peiashelmk aceerding to tha iaitial 
protooola. Ihia raaaareh haa baaa publiahad in part (I« 2, 3, 4)» Iha 
axparioanta vara doaa with tha participation of clinically healthy young aan 
agad 19 to 42 yaars* fraa various diffarant profasslons: students, laboratory 
assistants, tachnlcians, atCf 

After a uadical axauination, tha subjects want over to an altitude chaabar /4 
and donned oxygen aasks. In all tha axpariaants, tha rata of ascent froa 
ground level to 3000 a* was 10 a/sac, froa 3000 a, to 5000 a. -- 15 a/oac, 
and fraa 5000 a. on -- 25 a/sac. Duration of tha stay at altitude was to 
total 4*6 hours* During their stays at decreased pressure, tha subjects in 
all tha axpariaantal variations parferawd a standardised aaount of physical 
work, which included tha following: while seated, the subject stretched out 
both aras and raised 4 kg duabballs 20 tiaas in one ainuta, then cliabad a 
30 ca step 20 tiaas a ainuta for 3 ainutas (50 tiaas in all), and then once 
again raised tha duabballs for 1 ainuta. In accordance with prior instructions, 
tha subjects periodically changed tha **working lag" while cliabing tha step. 

One cycle of physical activity lasted 5 ainutas. The work cycle was repeated, 
after 15 ainuta rest periods, ever the entire course of the stay at altitude* 
nius, three cycles of physical activity took place in each hour* bergy 
expenditure for the given aaount of work totaled 174 ♦ 8.6 kcalAour* In 
the parted of work perforaance, the expenditure caae to 5*6 ^0*3 kcal/ain* 

If HDS occurred, the subjects inforaed: the experiaenters* The decision 
to continue or halt the experiaent depended upon the nature and degree of 
illness* Repeated "ascents" were conducted no sooner than a week after the 
preceding one* 

A table sunaarising the results of the experiaents is printed below* 

Special notice should be Bade of tie unexpectedly high percentage of /5 

deeoapression sicknesses occurring at pressures of 0*4 (48S) and even 0*43 ata* 
and the lew effectiveness of desaturisation* 
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In AddltioA« It sliMld b* pointed out that th*M ««■ not a aingla eaaa 
af aavara daeaq^aaaioa aiekaaaa ia any af the axparlMatal aarlaa. Tha 
pradaninaat ayaptaM aara paiaa in Jainta (9490* naat fraqaantly laealiaad 
ia tha kaaaa (60.8H)t and raraly in tha ^auldara (12.890 and aaklaa (9.890. 

Thm Jaint paiaa wart fraquantly aceaapaniad by damal pruritba, and 
aubatamal patti and catishing aaMtiaaa appaarad. Tha ayq>taas af HDS, as 
a rula« disappaarad fallaving daaeaat to ground lavalt and in only thraa 
easaa did a snail anount af adona and tandaniaas upon noiranaat af tho 4aint ranain 
aaar 2 ar 3 days. 

Wo ohould also noto tho tondoney of tho latont period of doeonproosion 
sielmaoo nanifootation to doeroaso iriion tho oxposura "altitudo” was ineroasod. 

Doeonproaoion aieknooo bocano noro aorioua whon tho final proosuro was 
doeroasod. Tbua« at 0.35 ata.«,in 17.89( of tho HDS caaos tho oubjocts could 
eontinuo to eonploto the progran. iriiile 419( of the cases requirod rapid 
reconpreosion. At the aane tine« iHien the final preaouro was 0.4 atn.. 29 % 
of tho porsons with HDS conplotod tho rosoarch prograoit while in only 179( of 
tho caaoa was rapid roconprosaion nocoosary. 

Thoroforof tho data fron this sorioa of oxporinents has ahown that proaauro 
changos fron 1 atn. to 0*40 and ovon 0.43 atn. did not provide froodon fron 
doeonproosion oieknoasoo iHioro a hunan was porfoming physical work. 

Those data contradict the work of Vakar, Maayn, et al. (5). These authors 
eonduetod 483 studios on 70 subjects* Tho ages and professions of tho sub- 
Joets wore analogous to those in tho preceding series. Tho general plan of 
the experinents was the sane as in the studios by Granenitsky ot al*. but 
tho physical stress was considerably higher: average hourly work expenditure 
was 400—450 keali tho subjects raised a 15 kg weight to 70 cn and clinbed a 
35 cn step; 30 exercioea par ninute were done for 40 ninutes, and they were 
begun again after 20 ninutes of rest. 

Despite the fact that the intensity of physical exercise was naterially 
groster in the experinents of Vakar et al. than in Granenitsky'si there were 
far fewer eases of deeonpression sickness* 
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Table 1. Reaults of Altltuda Chairi>er ftcporiaents 
not Uoing Proasure Suita. 


Thua, at a final prasaura of O.A atm. only 2 eaaaa of dacoiiprasaion aickneaa 
nara obaarvad out of 434 axparimanta (0.469()| while with a final praasura of 
0.38 atm. thera wara 8 eaaaa out of 49 (16. 3H). Both eaaaa of HDS at 0.4 atm. 
manifaatad thamaalvaa aa alight Joint paina, whila the HDS aymptoma ariaing 
at 0.38 atm. wara conaidarably mora aeuta. Wa ahould note, however, that 
in the control aariaa of atudiea, in which Vakar et al. uaad the atandard 
phyaical atraaa, aa applied by Gramanitaky, the rasulta obtained wara cloaa 
to thoaa of the firat aariaa of atudiea. 

The second part of this work, as we have already remarked, was conducted 
during testa of pressure suits and systems at an abso .ute pressure of from 
0.21 to 0.41 atm. (160—310 mm Hg). These experimercs were carried out 
using differing goals and methodologies. The nature and intensivanass of 
the phyaical exercises differed considerably in the various tests. This 
circusstanRs obliged Barer, Golovkin, et al., in trying to generalize the ^ 
material trom the observations (6), to break t fl9in c several series and 

groups. The basic conditions of the experiments and their results are presented 
in table 2. Aa can be seen from the table, cases of HDS were extremely rare. 
Without prior dasaturization, they are absent at pressures of 0.38--0.41 atm. 
True, we must make note of the comparatively short exposure to this pressure, 
the aouill quantity of observations, and the comparatively light physical stress. 

Symptoms of HDS were also not observed at pressures of 0.36--0.38 atm. 
after prior nitrogen desaturization. HDS of slight or medium severity was 
observed in 6— 12S of cases at pressures of 0.21-«0.26 atm. after 1 hour's 
nitrogen desaturization. 

Under these conditions, as well as the pievious ones, there were no 
cases of serious decompression sickness requiring special treatment. In 
all cases the HDS were over after a return to normal barometric pressure. 

They consisted of muscle and Joint pain accompanied in some cases by pruritus 
of the skin. As in the previous series, the predominant pain was in the 
knees ( 63 % of cases). We should also note the large proportion of pains in 
the joints of the hands. Apparently this was associated with the need to 
overcome the resistance created by the pressure suit's gloves. 
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Table 2, Conditions and Results of Experiiaents 
usins Pressure Suits. 


r ^ ^ 

r , 

V 

Hie cited atudiee and obeervations are extremely contradictory. The 
baaic cauae of the diacrepanciea in the reaulta of the atudiea ia, evidently, 
the nature and intenaiveneaa of the phyaical streaa. No direct relationahip 
my be found between the number of caaea of HDS and the peak and average 
F hourly energy expenditure. 

We might auppoae that the deciaive factor ia the nature of the work 
performed, local atresa on muaclea and jointa, and the duration of periods /12 

of work and reat. 

Individual peculiarities of the pernona undergoing decompression and their 
subjective attitudes towards HDS also play a significant role. 

It is nevertheless obvious that, without prior desaturization or with 
deaaturication of limited duration (less than 1 hour), we cannot guarantee 
freedom from decompression sicknesses when man transitions from a normally 
oxygenated normobaric nitrogen-oxygen atmosphere into an environment having 
a 0.4 atm. or lower pressure and he is performing intensive physical wurk. 
we can apeak only of a greater or lesser probability of occurrence and the 
reliability of this or that treatment for HDS. Laboratory research experience 
and actual usage of pressure suits in space flights have attested to the fact 
that such probabilities are extremely small. However, when it is necessary 
to carry out systematic and prolonged work outside a space ship, in open space, 
even small probabilities may become fact. So it is appropriate to review those 
measures materially decreasing the probability of HDS occurring. In addition 
to increasing the pressure within the suit, the following measures may be cited: 

--special selection of cosmonauts, 

--increasing desaturization time, 

--replacement of the artificial atmosphere's nitrogen with a weakly 
soluble and poorly diffusing inert gas. 
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